Indoor environment affects human's health directly. In residential buildings, natural ventilation can be applied as an effective way of ventilation. Different window-opening behavior results in different indoor environment. Five window-opening behavior of a common residential building in Changsha were compared and analyzed by using Airpak. Energy consumption of building with different orientation was calculated by DesignBuilder according to the Changsha typical meteorological data. A new evaluation index was proposed to compare the design schemes with consideration of the performance of natural ventilation and the building energy consumption. The optimal scheme combination of the building orientation and the opening's position was obtained by the index.
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Introduction
Under the pressure of two major problems of energy and environment, natural ventilation attracts more and more people's attention. Building can only get fresh air for room through building-opening. Researchers of China and abroad made a lot of research that show building-opening features have influence on the effect of natural ventilation. Hassan et al. [1] analyzed the effect of different opening location on natural ventilation by CFD methods and wind tunnel experiment, and he concluded that natural ventilation was affected by the distance between two openings. Favarolo et al. [2] analyzed the effect of different building structures on natural ventilation of single room by CFD methods and experimental methods. Dascalaki et al. [3] used tracer gas method to study the effective ventilation rate through the opening under the wind pressure of the unilateral opening, and it was found that the effective ventilation rate was associated with opening vertical wind speed and direction. Yin [4] put forward the concept of "degree of saving electricity by natural ventilation" by empirical formula of single-sided ventilation coupling of wind and thermal pressure with four typical climate zones in China. Zhang [5] used DOE-2 to calculate the annual energy consumption of residential building with different building orientation in Hangzhou, and it was found that annual energy consumption with the northern and southern orientation was smaller than eastern and western orientation.
There are a lot of reports about building-opening characteristics which can affect energy consumption of building, but the most models are based on a single room. In fact, the residential building was often divided into many rooms through the partition. Ventilation of them is coupled with each other. In the paper, CFD method and building energy consumption simulation software were used to analyze the effect of the natural ventilation and the annual energy consumption of a residential building with different opening position and orientation.
Numerical simulation

Physical model
The physical model of a popular residential building is shown in Figure1. The size of inner door is 0.9 m×2 m, door-1 is 1.5 m×2 m, and window-1 is 2 m×1.5 m. The size of window-2 and window-3 are 1.5 m×1.5 m, and window-4 is 0.9 m×1.5 m. The height of all windows is 0.5m from the ground. The outer walls are made of aerated concrete with the thickness of 0.2m. Heat transfer coefficient of the outer wall is 0.37 W/m2• K, and the windows' heat transfer coefficient is 2.67 W/m2• K. Five common cases are listed in Table 1 , based on five window-opening behaviours. In any case, all inner doors keep opening and the direction of outer wind is perpendicular to the window -1. 
Meshing and boundary conditions
The model size is 12 m ×10.1 m × 3 m (L× W × H), which is frame size of residential building. The calculating zone is shown in Figure2 where L1=5L, L2=7L, H1=3H and distance on the direction of width of both sides are 5W. Local grid refinement is used in meshing. In the process of numerical simulation, RNG (Renormalization Group) k -ε turbulence model and SIMPLE algorithm were adopted. Wind velocity is shown in Figure3. The wind time sequence was received by the method of Monte Carlo GARCH (1,1) according to typical leading wind speed in Changsha which is 2.6m/s. [6] The period is one hour. This data is used in simulating by UDF program as unsteady boundary conditions. The outlet boundary condition is pressure -out. 
The effect of natural ventilation
Air distribution
In order to compare the effect of natural ventilation in the view of air distribution under different working conditions, P is calculated out and shown in Figure4, which is the ratio of the area where the calculation of the extraction time is 30min (t=30min), the height is 1.1m (z=1.1m), and indoor wind speed less than 0.2m/s to the total area of the room. It can be seen that P is the minimum under the working condition4. However, P is the maximum under the working condition2. Namely, the priority for different window-opening behaviors were working condition4, working condition2, working condition5, and then the worst is working condition 3. 
Ventilation rate
Another important factor for indoor environment is the indoor ventilation rate. In order to analysis the effect of natural ventilation briefly, the total ventilation rate of subaltern room and kitchen in one period time were calculated out and compared. As shown in Figure5 and Figure6, the ventilation rate of subaltern room and kitchen is in the maximum under working condition4, then under the working condition2. The figures illustrate the priority is working condition4, working condition2, working condition5, and then the worst is working condition3. The conclusion is the same to the part of 3.1. 
Optimization analysis of building orientation
The priority about window-opening behavior in residential building was analyzed by using numerical simulation in above mentioned, but the buildings orientation had not been considered in the analysis. If making full use of natural ventilation is the only thing should be taken into account, building orientation should be designed with the direction of the most wind direction throughout the year. Based on statistical analysis of the typical year meteorological data of the wind direction in Changsha as shown in Table 2 , it can be seen that if only considering natural ventilation on determine building orientation, building towards the west will be the best, followed by east. But building orientation has effect on building energy consumption, so there's a contradiction on determine the building orientation from the aspect of natural ventilation and building energy consumption. As shown in Figure7, line AB shows the relationship of natural ventilation and building orientation, which illustrates that building orientation need to meet the requirement of making full use of natural ventilation; line CD shows the relationship of building energy consumption and building orientation, which illustrates building orientation need to meet the requirement of the minimum energy consumption. The point of O in the Figure7 is the balance point of natural ventilation and building energy consumption. 
Analysis of building energy consumption
In order to get the best balance point and determine the building orientation, we introduce the mathematical expectation of building energy consumption E (building orientation is window's direction on the master bedroom).
Mathematical expectation is the basic mathematical characteristics of random variables, which reflects the average value of random variables, and it s also called as the average [7] . For discrete random, variable mathematics expectation is:
Where xi as random variable (building load under four different orientations), p(xi) as probability value of random variables xi(the percentage of the wind direction).
Based on the distribution of wind direction throughout the year, E was calculated out and shown in the Table 3 . So the total expectation of building energy consumption can be received, E=6.94%×2010+12.36%×2280+20%×2650+44.82%×2740=2179 kWH When building energy consumption is close to the expectation, it is the best orientation. And we know that there are two methods for residential building to keep thermal comfort throughout the year. One is the natural ventilation, and another is mechanical means [8] .Through the relationship between indoor comfort temperature and outdoor mean air temperature [9] (2), it can be deduced that natural ventilation cannot meet the requirement of the comfort when the outdoor temperature exceeds 30 . By using building energy consumption simulation software DesignBuilder, the building load under four different orientations were calculated out and were shown in Figure8 in the condition of outdoor temperature is bigger than 30 . It can be seen that building energy consumption is in minimum when the building towards the south, and then the north, the east. The worst is west.
19.7 0.3 Tc To (2) At last, considering natural ventilation and building energy consumption, the corresponding contradiction graph can be drawn according to the direct relationship between effect of natural ventilation, building energy consumption and building orientation, as shown in Figure9. It can be seen from the figure that the best balance point of orientation is between south and north, and the north may be more optimal to the south. As a result of the effect of natural ventilation is better in the north. 
Conclusions
Firstly, five kinds of window-opening behaviors were compared by using Airpak under unsteady wind boundary. In the process of analysis, both air distribution and ventilation rate were compared. It was concluded that under the different working conditions, the working condition4 had the best priority, the second was working condition2, the third was working condition3, and the worst was working condition5.
Then, through the analysis of energy consumption and the effect of natural ventilation in buildings and optimization analysis of building orientation, the contradiction about building orientation and natural ventilation was proposed.
Finally, through the summary and analysis of the typical meteorological parameters of wind direction in Changsha, it was concluded that the best building orientation was the west when we analyze building orientation only from the perspectives of natural ventilation. However, when DesignBuilder was used to analyze building energy consumption in different building orientation, the best building orientation was the south. By complex analysis, under the influence of building energy consumption and natural ventilation, the best building orientation is the south or the north. Air Inlet should be located in the north wall.
